A b s t r a c t Preterm birth continues to be one of the main causes of neonatal morbidity and mort a l i t y. The objective of the present study was to identify risk factors for preterm birth in São Lu í s , Ma ra n h ã o, Bra z i l . The sample consisted of hospital births at 10 public and private hospitals from Ma rch 1, 1997 to Fe b r u a ry 28, 1 9 9 8 . A total of 2,443 live births were randomly sel e c t e d , excluding multiple deliveries and stillb i rt h s . Preterm birth rate in São Luís was 1 2 . 7 % . Risk factors for preterm delive ry were maternal age below 18 years, family income equal to or less than one minimum wage/ m o n t h ,p r i m i p a r i t y, vaginal delive ry at a public hospital, single mothers (or living without a part n e r ) , and absence of prenatal care . T h e f o l l owing factors remained associated with p reterm birth after multivariate analysis to c o n t rol for confounding: maternal age below 18 years (OR = 1.9), primiparity (OR = 1.5), and failure to appear for scheduled pre n a t a l c a re visits (OR = 1.5).
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I n t ro d u c t i o n
Despite technological advances in the care of p re t e rm newborns in recent decades, pre m at u rity is still one of the main causes of neonatal morbidity and mort a l i t y, which result fro m complications inherent to pre m a t u rity itself such as hyaline membrane disease, intra c ranial hemorrh a g e, necrotizing entero c o l i t i s, and retinopathy of pre m a t u rity 1 . In addition, prem a t u rity presents certain somatic, neuro l o g ical, and psychological disadvantages thro u g hout life, placing an increased burden on society as a whole 2 , 3 .
Pre t e rm birth rate has shown va riation ove r t i m e, and no country except France has re p o rted a decline in pre t e rm births 4 . In the Un i t e d St a t e s, an increase in pre t e rm birth rate fro m 9.4% in 1980 to 11.4% in 1997 has been re p o rt e d 5 . In Brazil, few population studies on pre t e rm d e l i ve ries are ava i l a b l e, mainly due to difficulties in obtaining information on gestational age. Ne ve rt h e l e s s, two Brazilian population studies also re p o rted an increase in pre t e rm birth ra t e : in Pe l o t a s, Rio Grande do Sul, the rate incre a s e d f rom 5.6% in 1982 to 7.5% in 1993 6 , and in Ribeirão Pre t o, São Pa u l o, the rate incre a s e d f rom 7.6 to 13.6%, from 1978-79 to 1994 7 , 8 .
The main causes of pre t e rm delive ry are spontaneous pre m a t u re labor, pre m a t u re ru pt u re of membra n e s, and therapeutic induction of labor (indicated on the basis of fetal or ma- t e rnal complications) 9 . Recent studies have also suggested genital tract infections, stre s s, a n xi e t y, and depression as determinants of p re t e rm b i rth 5 . An association between the indiscri m inate use of cesarean sections and incre a s e d p re t e rm birth rate has also been observed in Ribeirão Preto 7 . Howe ve r, in most cases the etiology of pre t e rm birth is unknown. Se ve ra l other va riables have been associated with this condition, such as unfavo rable soc i o e c o n o m i c status (which can be assessed from family inc o m e, educational level, social class, or occupation); black race/skin color; maternal age b e l ow 16 and above 35 years; smoking duri n g p re g n a n c y; maternal activity re q u i ring long periods of time in the standing position or substantial physical stress; acute or chronic maternal disease such as renal disease, uri n a ry tra c t infection, heart disease, lung disease, hypertension, and anemia; a history of pre t e rm del i ve ry or low birth weight children; obstetri c factors such as uterine malform a t i o n s, uteri n e t rauma, placenta previa, abruptio placentae; fetal disorders such as fetal ery t h ro b l a s t o s i s, fetal distre s s, or intra u t e rine growth re t a rd ation (which might re q u i re pre t e rm delive ry ) ; and inadve rtently perf o rmed early delive ry 1 , 1 0 .
The objective of the present study was to d e t e rmine the pre t e rm birth rate and its ri s k factors in one of the poorest capitals of BrazilSão Lu í s, Ma ranhão -in an attempt to re d u c e the gap in epidemiological data re g a rding this p roblem in No rtheast Brazil. Knowledge of ri s k factors for pre t e rm birth is important for planning health policies aimed at its pre ve n t i o n , taking local circumstances into account. 28, 1998 . Hospital births comprised some 96.3% of all births in São Luís in 1996, thus guara n t e e i n g a re p re s e n t a t i ve sample. Ma t e rnity hospitals with less than 100 delive ries in 1996 we re excluded (corresponding to 2.2% of all delive ri e s in the city of São Luís during the study peri o d ) .
Material and methods
The sample size was calculated based on the number of hospital births that occurred in São Luís during 1996 (the year preceding the s u rvey), or 20,092. The minimum sample size was calculated as 1,914 birt h s. This considere d a 5% probability of type I error and 80% statistical powe r, working with a 10% exposure among contro l s, capable of detecting an odds ratio of 1.50 as significant. The sample was s t ra tified by maternity hospital, with the share being pro p o rtional to the number of delive ries at each unit. Systematic sampling was perf o rm e d at each maternity hospital based on the birt h list by order of occurre n c e, with a sampling int e rval of seven. A total of 2,443 live births we re selected ra n d o m l y, excluding multiple birt h s and stillbirt h s.
All mothers re c e i ved detailed inform a t i o n on the study's objective s, and informed consent was obtained before the interv i e w. In t e rv i e w s we re perf o rmed during hospitalization or at home in the case of early discharg e, which led to some losses. Other losses occurred due to patient refusal, with total losses corresponding to 5.8%. Ne w b o rns we re weighed on an electro n i c scale or on an infant scale periodically calibra ted by the re s e a rch team, and anthro p o m e t ri c m e a s u rements we re obtained with an Ap p rop riate Health Re s o u rces and Technology Ac t i o n Group (AHRTAG) wooden anthropometer 1 1 .
Gestational age was calculated based on the day of the last normal menstrual peri o d (LNMP) re p o rted by the mother. Since calculation of gestational age based on clinical examination of the newborn was not available for a l a rge portion of the sample, and ultrasound is only perf o rmed in a minority of patients, LN-MP was the only method available for calculating gestational age. When the mother only recalled the month, day 15 was adopted as the L N M P. Date of LNMP was not re p o rted by 98 women (4.0%). Bi rth weights incompatible w i t h the re p o rted LNMP that we re above the 99th p e rcentile of the English curve we re re c l a s s ified as unknown (50 cases). The same pro c ed u re was applied to cases with an implausible gestational age (less than 20 or more than 50 we e k s, totaling 22 cases). All 170 cases, corresponding to 7.0%, with LNMP date missing or reclassified as unknown we re imputed in a linear re g ression model 1 2 , 1 3 . Bi rth weight, pari t y, gender of the neonate, and family income we re used to impute gestational age 1 4 . Missing inf o rmation on gestational age was associated with lower maternal schooling (p < 0.01). Se ve n cases were imputed as preterm, and the rem a i ning (163) as term birth. Ne w b o rns with a gestational age of less than 37 weeks we re classified as pre t e rm .
The following va riables we re studied: birt h weight (< 2,500g -low birth weight and ≥ 2,500g -n o n -l ow birth weight), birt h -we i g h t -f o r-g e s t ational-age patterns (small-for-gestational-age -SGA, birth weight below the 10th perc e n t i l e ; a p p ro p ri a t e -f o r-gestational-age -AGA, we i g h t b e t ween the 10th and 90th percentile; larg ef o r-gestational-age -LGA, above the 90th percentile of the re f e rence curve) 1 5 , smoking during pregnancy (yes or no irre s p e c t i ve of the number of cigarettes smoked per day), maternal age (less than 18, 18 to 19, 20 to 24, 25 ye a r s or more), marital status (married, cohabiting, without a partner), mother's educational level ( 0 to 4 ye a r s, 5 years or more), family income (exp ressed as times the monthly minimum wage: up to 1, 1 to 3, > 3), parity (1, 2 to 4, 5 or more d e l i ve ries), category of the hospital where the patient gave birth (public or pri vate), type of d e l i ve ry (vaginal or cesarean), presence or absence of low birth weight children from a previous pre g n a n c y, prenatal care (yes -one or m o re visits, or no -no visit), and occupation of the head of the family (non-manual, semiskilled, unskilled, and unknow n ) .
Data we re analyzed using the Stata ve r s i o n 6.0 statistical package. The chi-square test was used to compare pro p o rt i o n s, with the level of significance set at 0.05. Odds ratios with res p e ct i ve 95% confidence intervals we re calculated to determine the effect of each va riable on p re t e rm birth. P-values between 0.10 and 0.05 we re considered marginally significant. Fo r m u l t i va riate analysis, a stepwise logistic multiple re g ression model with backward elimination was used to control for confounding fact o r s. Va riables presenting a p value below 0.20 on univa riate analysis entered the analysis, and those with p < 0.10 remained in the model.
R e s u l t s
A total of 2,443 singletons born to mothers living in São Luís we re studied. Pre t e rm birth ra t e was 13.1% before correction and 12.4% after imputation. Among the socioeconomic va riables studied, only family income showed an association with pre t e rm birth (p = 0.04), with the incidence of pre t e rm births being higher in families with a family income of less than one minimum wage (15.5%). Ma t e rnal schooling, occupation of the head of the family, and mat e rnal work we re not associated with pre t e rm b i rth.
Single mothers or those without a part n e r (p = 0.078), those who did not attend pre n a t a l c a re (p = 0.057), and those giving birth at a p u blic hospital (p = 0.079) showed a higher incidence of pre t e rm delive ri e s, but the signifi-
cance was marginal. Cesarean section conf e r re d a marginal protection against pre t e rm birth (p = 0.050). Pre valence of pre t e rm newborns was higher for mothers under 18 years (22.5%) and p ri m i p a rae (15.6%). Ma t e rnal smoking duri n g p regnancy was not associated with pre t e rm b i rths in the present study (Table 1) .
After adjustment for confounding factors, age less than 18 years (p < 0.001), pri m i p a ri t y (p = 0.005), and failure to attend scheduled prenatal care visits (p = 0.043) remained as risk f a ctors for pre t e rm birth (Table 2) . Among p re t e rm n e w b o rn s, 29.1% we re LGA. The pro p o rtion of SGA infants was higher among term (15.2%) than among preterm newborns (7.1%) ( Table 3 ).
D i s c u s s i o n
The litera t u re va ries with respect to risk factors for pre t e rm birth, due to differences betwe e n the va rious study populations or differe n t methods used for data collection and analysis. In the present study, mothers with a family income equal to or less than one minimum wage, mothers under 18 years of age, and pri m i p a ra e s h owed a higher pro p o rtion of pre t e rm child ren, while mothers without a partner who g a ve birth at a public hospital, who had va g i n a l d e l i ve ri e s, and who had not attended pre n a t a l c a re presented a marginal increase in the prop o rtion of pre t e rm infants. After controlling for confounding factors, maternal age less than 18 ye a r s, pri m i p a ri t y, and absence of pre n a t a l c a re remained as risk factors for pre t e rm birth.
Among socioeconomic factors, only lowe r family income was associated with incre a s e d risk of pre t e rm birth. Kramer 1 6 has demons t rated an association between a family's socioeconomic conditions and the risk of p re t e rm b i rth and has suggested that lower income and less schooling are probably not directly re l a t e d to the duration of pregnancy but lead to unhealthy behaviors and chronic exposure to s t re s s, with a consequent reduction of the duration of pre g n a n c y. In this study, disappearance of the association between family income and pre t e rm birth in the adjusted model suggests that the effects of low family income on p re t e rm birth are possibly mediated by yo u n g m a t e rnal age and absence of prenatal care.
In the present study, most socioeconomic factors did not show an important influence on p re t e rm birth. Ma t e rnal schooling, matern a l w o rk outside the home, and occupation of the head of the family we re not associated with p re t e rm birth. This finding might be due to a certain socioeconomic homogeneity in the p o p- Table 1 Non-adjusted analysis of some risk factors for pre t e rm birth. São Luís, Maranhão, Brazil, 1997-1998.
Va r i a b l e
To t a l n % O R 9 5 % C I p ulation. Ma ranhão is one of the poorest states in Brazil. About half the population of São Lu í s has a family income equal to or less than 3 t i m e s the monthly minimum wage, or roughly U $ 2 4 0 / month 1 7 , with this category re p resenting 51% of the birth population studied here. No association between family income and pre t e rm b i rth was observed in either Pelotas 6 or Ribeirão Preto 7 . Ac c o rding to data from the State Su rvey on Health, Nu t rition, and Infant Mo rtality (PE S N-MI), the percentage of adolescent mothers in São Luís was 15.2% in 1996 1 8 . In contrast, in the present study this rate was much higher (29.4%), and the highest incidence of pre t e rm n e w b o rns (22.5%) was observed precisely in this age gro u p, with the adjusted risk of an adolescent mother having a pre t e rm child being 1.9 times that observed for the other age g ro u p s. A study on risk factors for pre t e rm birth and l ow birth weight in the municipality of São Paulo showed that teenage birth does not influence the occurrence of low birth weight infants but leads to a 1.3-fold increase in the ri s k of pre t e rm delive ry 1 9 . A similar situation was o b s e rved for pri m i p a ra e, who presented a 1.5-fold risk for the occurrence of pre m a t u re b i rt h s, with the same value re p o rted in France in 1995 2 0 .
Lack of prenatal care was associated with p re t e rm birth in the present study, in agre ement with other authors 1 0 , 1 6 . Assessment of the quality of care for pregnant women in São Luís detected low cove ra g e, late initiation, and a reduced number of prenatal visits 2 1 . Lack of prenatal care in Northeast Brazil (26.1%) is m o re common than in other regions of the country. Mothers with less schooling have the lowe s t p renatal care rates 2 2 . Howe ve r, serious doubts exist re g a rding the effect of prenatal care on reducing the risk of pre t e rm birth. It is believe d that women with unfavo rable socioeconomic conditions actually attend prenatal care less f requently 4 . In the present study, most pre t e rm n e w b o rns we re born by vaginal delive ry, with c e s a rean section not re p resenting a risk factor for pre t e rm birth. Although the percentage of c e s a rean sections perf o rmed in São Luís was well above that recommended by the Wo r l d Health Organization 2 3 , corresponding to about 30% of all birt h s, this value was not as high as that re p o rted for some cities in So u t h e rn Bra z i l (up to 50%), where an association between ces a rean section and pre t e rm birth has been obs e rved 7 , 1 4 .
Misclassification of family income and gestational age may have attenuated the association between some va riables and pre t e rm b i rt h . Use of the LNMP to date gestations is prone to e r ror 4 . LNMP information obtained from teenage and low-schooling mothers may be less rel i a b l e, since it may be more prone to considering bleeding episodes in early gestation as normal menses and thus underestimate gestational duration 2 4 . T h u s, the higher pre t e rm birth rate obs e rved in our population may be at least partially due to an artifact. Missing data on gestational age could be another source of bias. In fact, missing data on gestational age differe d a c c o rding to maternal schooling (p < 0.001). Co n s e q u e n t l y, association between matern a l schooling and pre t e rm birth tended to be und e restimated. It was not possible to use a clinical estimate of gestational age because it was not ava i l a b l e. To minimize the problem of m i s sing data on gestational age, we perf o rmed an Table 3 Weight for gestational age in pre t e rm and term neonates.
São Luís, Maranhão, Brazil, 1997-1998.
Gestational age
P re t e rm newborn Te rm newborn p n % n % < 0.001
Small for gestational age 2 2 7 . 1 3 2 5 1 5 . 2
A p p ropriate for gestational age 1 9 7 6 3 . 8 1 7 0 1 7 9 . 9 L a rge for gestational age 9 0 2 9 . 1 1 0 4 4 . 9 Table 2 Adjusted analysis of risk factors for pre t e rm birth. São Luís, Maranhão, Brazil, 1997-1998. imputation pro c e d u re. The results we re app roximately the same when we used a model with p re t e rm birth excluding missing data, thus not c o n s i d e ring imputation. In the present study, a high incidence of l a rg e -f o r-gestational-age infants, corre s p o n ding to 29.1%, was observed among pre t e rm n e w b o rn s. The classification of gestational age was based on the LNMP re p o rted by the mothe r. Va rious factors might have introduced errors into the determination of gestational age by this method, such as irre g u l a rities in the m e n s t rual cyc l e, late ovulation, and va g i n a l blood loss after conception, causing term newb o rns to be considered pre t e rm 2 5 . We did not d e t e rmine the percentage of infants born to diabetic mothers, another cause of LGA infants, but we believe that this problem did not have a g reat impact since gestational diabetes is not a ve ry frequent event. Another likely explanation for the large number of larg e -f o r-g e s t a t i o n a lage preterm newborns, although not conf i rm e d , is the lack of intervention in pregnancies with s e ve re intra u t e rine growth re t a rdation culminating in intra u t e rine death, thus reducing the proportion of small-for-gestational-age p re t e rm i n f a n t s.
We conclude that among social factors, onl y l ow family income was associated with a higher risk of pre t e rm birth. Pregnancy during adolescence was a risk factor independently associated with pre t e rm birth in São Lu í s, and thus all efforts should be concentrated on its prevention. Campaigns encouraging compliance with prenatal care, as well as strategies to imp rove the quality of this care, should be implemented. Pri m i p a rity re p resents another important risk factor for pre t e rm birth, which, howe ve r, cannot be modified by public policies. A c k n o w l e d g m e n t s This study was funded by the Brazilian National Res e a rch Council (CNPq) (grants no. 523474/96-2 and 520664/98-1). We thank Julinaide Nunes Matos for valuable collaboration in the elaboration of the present study.
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